The -149C>T and -579G>T, 2 single nucleotide polymorphisms in de novo methyltransferase 3B gene promoter, have been previously reported to potentially alter the promoter activity and to influence cancer risk. However, the results from previous studies remain conflicting rather than conclusive. In view of this, we conducted a case-control study and then a meta-analysis to examine the association between these 2 single-nucleotide polymorphisms with risk of lung and gastric cancer in Chinese population. The genotyping was performed by polymerase chain reaction-restriction fragment length polymorphism and confirmed by sequencing. In this case-control study, no significant association with lung or gastric cancer risk was observed for -149C>T, while -579G>T was significantly correlated with the risk of gastric cancer but not lung cancer. Moreover, haplotype analysis showed that haplotype -149T/-579 T, which carried the risk -579 T allele, significantly increased the susceptibility to gastric cancer. However, none of the haplotypes was associated with the risk of lung cancer. The following meta-analysis involved only Chinese population and further confirmed the significant association of -579G>T with gastric cancer but not lung cancer and suggested no significant association between -149C>T and risk of lung or gastric cancer. Collectively, DNMT3B -579G>T polymorphism is associated with gastric cancer risk in Chinese population, and the -579G>T may be used as a genetic biomarker to predict the risk of gastric cancer in Chinese population.
Introduction
Accumulated evidence demonstrated that DNA methylation, a key epigenetic modificator, plays essential roles in tumorigenesis.
1,2 Indeed, aberrant DNA methylation profiles have been found in almost all types of cancers. 3 Generally, DNA methylation patterns in mammals are established by the de novo methyltransferase (DNMT) 3 family (DNMT3A and DNMT3B) and maintained by the maintenance methyltransferase (DNMT1).
1,2 Therefore, the alteration in global DNA methylation patterns may be largely attributed to the dysregulation of de novo DNMTs during tumor progression. 4, 5 Interestingly, previous studies have suggested that DNMT3B promotes tumorigenesis, and abnormal expression of DNMT3B contributes to the aberrant DNA methylation in carcinogenesis. 6 Lung and gastric cancers have been the leading cancer diagnosed and are the cause of cancer death for many years in Hubei province of China, and the incidences still increase rapidly. [7] [8] [9] More seriously, most patients with lung and gastric cancers are detected in advanced stage, during which period the tumors are unresectable anymore. 10, 11 Thus, it is no doubt that discovery of genetic biomarkers and their application accompanied with traditional diagnosis may be more efficiency for risk prediction and early diagnosis of lung and gastric cancer.
On the other side, it had been proved that certain functional single-nucleotide polymorphisms (SNPs) in the 5'-untranslated regions of genes could influence promoter activity and then expression of genes. 12 Therefore, identification of functional SNPs in DNMT3B gene would lead to a better understanding of how DNMT3B contributes to individuals' susceptibility to cancer. Recently, the -149C>T (rs2424913) and -579G>T (rs1569686) polymorphisms in DNMT3B gene promoter, which may be able to alter promoter activity, have been widely studied for their association with cancer susceptibility. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] However, none of the studies has been conducted in Hubei Chinese population. Moreover, the results from previous studies remain conflicting rather than conclusive. In view of this, a case-control study was performed to evaluate the association between the -149C>T and -579G>T polymorphisms and susceptibility to lung and gastric cancer in a Chinese population of Hubei province with larger sample size. Next, a meta-analysis combining the current study and previously published studies was further conducted to clarify the real impact of DNMT3B -149C>T and -579G>T polymorphisms on the risk of lung and gastric cancer in Chinese population.
Material and Methods

Participants
A total of 550 patients with lung cancer, 460 patients with gastric cancer, and 800 normal controls were recruited in the current study. All participants were biologically unrelated Chinese living in Hubei province. Nowadays, more and more Chinese are inclined to have a physical examination every year. 
The Genotyping of DNMT3B Polymorphisms
Samples were collected into blood vacuum tubes containing EDTA and stored at 4 C. Genomic DNA was extracted within 1 week of sample collection by proteinase K digestion as described previously. 23 Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to detect the -149C>T and -579G>T polymorphisms of DNMT3B gene. The primers, length of PCR products, related restriction endonuclease as well as digested bands are shown in Table 1 . The PCR reaction was performed in a total of 15 mL containing 50 ng genomic DNA, 1.5 mL 10 Â Taq Buffer (Mg 2þ Plus), 0.2 mL 10 mmol/L deoxy-ribonucleoside triphosphate, 1-mL 1 mmol/L primers, and 0.5 U Taq polymerase (Takara Biotechnology Co Ltd, Dalian, China). The PCR products were then digested with 10-unit restriction enzymes following the manufacturer's instructions (Takara Biotechnology Co Ltd, Dalian, China). Digested fragments were separated by electrophoresis on 3% agarose gel and visualized under ultraviolet light with Gel-Red staining. For quality control, genotyping analysis was performed blind, with respect to case/control status, and repeated twice for all participants. The results of genotyping were 100% concordant. In order to confirm the genotyping results, 20% randomly selected PCR-amplified DNA samples were examined by DNA sequencing, and the results were also 100% concordant.
Statistical Analysis
The chi-square test was used to compare the difference in age, gender, smoking status, and alcohol status between patients and normal controls. Genotypic frequency of -149C>T and -579G>T polymorphisms were tested for departure from Hardy-Weinberg equilibrium (HWE) using the w 2 test. To evaluate the association between DNMT3B polymorphisms and cancer risk, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by logistic regression analysis. Linkage disequilibrium (LD) plot was performed to test the -149C>T and -579G>T polymorphisms using D' as the measure of LD. SHEsis software (http://analysis.bio-x.cn/myAnalysis.php) 24 was used to test a possible association of statistically inferred haplotypes with cancer risk by a global test and haplotypespecific test, and haplotype frequencies were compared between the patients and the controls with Fisher exact test and logistic regression analysis. Statistical significance was established at P <.05, and a Bonferroni correction for multiple testing was applied. The statistical analyses were performed using SPSS 15.0 software (SPSS, Chicago, Illinois).
Meta-Analysis
We searched the all publications updated to March 2017 from the PubMed, EMBASE, ISI Web of Science, China National Knowledge Infrastructure, and WanFang databases without language restriction. The following words were searched: "DNMT3B or DNA methyltransferase 3B", "rs2424913/-149C>T", "rs1569686/-579G>T", "lung cancer or gastric cancer" and "Chinese population". References listed in retrieved articles were also checked for missing information. Next, studies were eligible for inclusion in the meta-analysis if they met the following criteria: (1) studies on humans; (2) investigation of the DNMT3B -149C>T polymorphism or DNMT3B -579G>T polymorphism and the risk of lung cancer or gastric cancer; (3) case-control study design; (4) valid data were accessible to estimate the OR and its 95% CI; (5) HWE equilibrium should be established in control groups.
We calculated the departure from the HWE for the control group in each study using Pearson goodness-of-fit w 2 test. The analyses were conducted in Review Manager 5.3 (Cochrane Collaboration, Oxford, United Kingdom). The overall strength of an association between DNMT3B polymorphisms and cancer risk was assessed by crude ORs together with their corresponding 95% CIs. Heterogeneity was evaluated by the w 2 test of heterogeneity and the inconsistency index (I 2 ). By heterogeneity test, heterogeneity was considered significant when P value (P heterogeneity ) < .1 was consistent with possible substantial heterogeneity. If P heterogeneity ! .1 we used the fixed-effect model to calculate the combined OR (the Mantel-Haenszel method), 25 otherwise, random-effects model (Der Simonian and Laird method) was conducted. 26 The significance of combined OR was determined by the Z test. Table 2 showed us the frequency distributions of patients with lung cancer, patients with gastric cancer, and normal controls. There were no significant difference in the frequency distributions of age stratification, gender, smoking status, and drinking status between patients with lung cancer and normal controls as well as between patients with gastric cancer and normal controls, suggesting that matching based on these 4 variables were adequate.
Results
The -149C>T and -579G>T polymorphisms were successfully genotyped in a total of 1810 participants. No significant deviations from HWE were observed for -149C>T and -579G>T in normal controls (P > .05). The allele and genotype distributions of DNMT3B polymorphisms and their association with risk of lung and gastric cancer are presented in Table 3 . No association was found between -149C>T and risk of lung or gastric cancer as well as between -579G>T and lung cancer risk. However, it was showed that the frequency of -579 T allele was significantly higher among patients with gastric cancer than normal controls (P ¼ .001, OR ¼ 1.58, 95% CI ¼ 1.22-2.04) after Bonferroni correction for multiple testing (0.05/12 ¼ 0.004), indicating -579 T allele was associated with an increased risk of gastric cancer. Concordantly, we also found a significant association between -579TT genotype with increased risk of gastric cancer in 2 genetic models: TT vs TG (P ¼ .001, OR ¼ 1.62, 95%CI ¼ 1.22-2.17) and TT vs TGþGG (P ¼ .001, OR ¼ 1.65, 95% CI ¼ 1.25-2.19), and the association remained significant after Bonferroni correction for multiple testing (0.05/12 ¼ 0.004). These results indicated that the DNMT3B -579G>T polymorphism significantly increases the risk of gastric cancer. The LD analysis revealed a low LD between -149C>T and -579G>T in patients with gastric cancer (D' ¼ 0.26), patients with lung cancer (D' ¼ 0.35), and normal controls (D' ¼ 0.41), which were consistent with the results from the Han Chinese data set of the International HapMap Consortium. Since the haplotype analysis could enhance the statistical power in the mapping of human complex trait loci, 27 the analysis of haplotypes consisting of -149C>T/-579G>T was performed to assess DNMT3B gene with lung and gastric cancer susceptibility in this study. As presented in Table 4 , none of the haplotypes was significantly associated with risk of lung cancer. However, when comparing patients having gastric cancer to normal controls, it showed a strong, significant difference in the overall distribution (global, P ¼ .036). The frequency of haplotype -149T/-579 T was significantly higher in patients with gastric cancer than in normal controls (87.5% vs 83.4%, P ¼ .006) at the significant level P <.013 (0.05/4) using the Bonferroni correction, and logistic regression analysis indicated that haplotype -149T/-579 T increased the risk of gastric cancer (OR ¼ 1.40, 95% CI ¼ 1.10-1.77).
According to inclusion criteria, 9 previous studies were finally selected in the following meta-analysis.
14-22 Table 5 showed the main features of the current and previous studies that evaluated the association between -149C>T or -579G>T and lung or gastric cancer risk. In Table 6 , no association was observed between -149C>T and risk of lung or gastric cancer as well as between -579G>T and risk of lung cancer. In contrast, the -579G>T was significantly associated with an increased risk of gastric cancer in 3 genetic models (T vs G, Abbreviations: CI, confidence interval; OR, odds ratio. a The haplotype structure was -149C>T/-579G>T. All haplotypes with frequency <0.01 in both case and control groups would be ignored in analysis. b The P value was calculated using 2-sided w 2 test. c OR (95% CI) was estimated by logistic regression analysis. Abbreviation: HWE, Hardy-Weinberg equilibrium a Quality control was conducted when sample of cases and controls was genotyped. b Genotypic frequencies of -149C>T and -579G>T in normal controls were tested for departure from Hardy-Weinberg equilibrium (HWE) using the w 2 test. 
Discussion
Various studies have described the roles of -149C>T and -579G>T in different types of cancer including gastric cancer 14, 15, 18, 21, 22 and lung cancer. 13, 16, 17, 19, 20 Of the 10 studies that attempted to evaluate the association between -149C>T or -579G>T and susceptibility to lung cancer or gastric cancer, 9 studies focused on Chinese 14-22 and 1 on Korean. 13 However, none of the studies has been performed in Hubei Chinese population. Therefore, we analyzed the distribution of -149C>T and -579G>T and assessed their association with risk of gastric cancer and lung cancer in a Chinese population of Hubei province.
In this study, it was demonstrated that the -579 T allele was a harmful effect potentially exhibited by -579G>T polymorphism in gastric tumorigenesis, which was consistent with the finding of Hu et al 15 but not Zhang et al 21 On the other hand, previous studies suggested a significant association between -579G>T and lung cancer risk in Northeastern Chinese population 16 and Korean population, 13 but this association did not remain statistically in Zhang et al study 20 and the present study. One possibility for the discrepancy may be attributed to different environments, lifestyles, and genetic backgrounds among different ethnic populations. Admittedly, the Chinese populations from different geographic regions and small sample size may also contribute to the difference of the results. Of note, alongside previous findings, 14, 15, [17] [18] [19] 22 our present results consistently suggested that -149C>T was not associated with the risk of gastric or lung cancer in Chinese population.
To solve the discrepancies and the problem of inadequate statistical strength among previous studies, 28 a meta-analysis was further conducted to systematically evaluate the impacts of DNMT3B -149C>T and -579G>T polymorphisms on individuals' susceptibility to gastric and lung cancer in Chinese population. Interestingly, the pooled results further confirmed that -579G>T was significantly associated with the risk of gastric cancer but not lung cancer, while -149C>T was irrelevant to the risk of gastric and lung cancer. However, additional independent studies with larger sample sizes in Chinese populations across different geographical areas are still needed to validate or further reinforce our present findings.
The recent successful completion of the HapMap project suggested that haplotype analysis would enhance the statistical power in the mapping of human complex trait loci, with the potential of reducing the sample size of association studies. 27, 29, 30 Our study also included a haplotype study to assess the potential combined effect of -149C>T and -579G>T on risk of lung and gastric cancer. The LD analysis of -149C>T and -579G>T indicated a low LD with each other, suggesting that -149C>T and -579G>T might be sufficient to capture some of the haplotype structures in DNMT3B gene. 31 The haplotype -149T/-579 T was significantly associated with an increased risk of gastric cancer, which suggested that -149C>T and -579G>T might act together to affect gastric tumorigenesis. Since -579 T allele was associated with an increased risk of gastric cancer, it was speculated that the -579G>T might be used as a risk biomarker for gastric cancer prediction in Chinese population. To our knowledge, this is the first report of a significant association between haplotype -149T/-579 T of DNMT3B gene and gastric cancer, which needs to be further confirmed.
Collectively, our results demonstrated that the DNMT3B -579G>T polymorphism is significantly associated with an increased risk of gastric cancer but not lung cancer in Chinese population. In addition, the haplotype -149T/-579 T, carrying the risk -579 T allele, significantly increases the susceptibility of individuals to gastric cancer in Chinese population. Besides, the DNMT3B -149C>T polymorphism does not contribute to the risk of lung or gastric cancer in Chinese population. These reported findings may initiate novel prediction and prevention strategy for lung and gastric cancer in Chinese population. However, further confirmatory studies should be undertaken in other ethnic populations because the present observations involved only Chinese population.
